Background The relationship between serum corrected calcium (CCa) level and vessel calcification at dialysis initiation and survival has seldom been evaluated. Therefore, we evaluated the efficacy of CCa levels and the calcification score at the initiation of dialysis for predicting all-cause and cardiovascular (CV) mortality in patients with end-stage renal disease (ESRD). Methods The study group included 407 patients with ESRD, who started hemodialysis between January 2009 and December 2016 at the Red Cross Ishinomaki Hospital. The primary outcomes were the 1-and 3-year all-cause and CV mortality rate, with the association between CCa level and CVD-specific mortality evaluated using the Kaplan-Meier method and Cox proportional hazard regression analysis. Results Patients with a high initial CCa level were at higher risk for CVD-related, but not all-cause, mortality than patients with a low initial CCa level [hazard ratio (HR) 2.81; 95% confidence interval 1.05-7.55]. The HR for CVD-related mortality was also higher for patients with an Agatston vessel calcification score > 2000 (HR 13.9; 95% CI 1.63-118.2). Overall, the 3-year CVD-free rate was 88.2% (range 76.4-94.3%). Higher CCa level was associated with a higher Agatston score and cardiac valve calcification. Conclusion High serum CCa levels and an Agatston score > 2000 are independent risk factors of CVD mortality due to advanced vessel calcification.
Introduction
Cardiovascular disease (CVD) is the leading cause of mortality among patients on hemodialysis (HD) and, therefore, assessing CVD risk factors in these patients is clinically meaningful [1] . Several factors, including high-sensitivity C-reactive protein (hs-CRP) and serum magnesium, have been reported to be predictive markers of CV mortality in patients on HD [2, 3] . However, the relationship between serum CCa and the incidence rate of all-cause and CVCspecific mortality in this clinical population has not been evaluated. As an elevated CCa level increases the risk for vessel calcification in patients with end-stage renal disease (ESRD), serum CCa would be a risk factor for CVC-specific mortality. In ESRD, CCa levels can be lowered by an increase in serum levels of phosphate and intact parathormone (PTH), secondary to hyperparathyroidism (2HPT) [4] , although such lowering of CCa levels is not observed in all the patients at dialysis initiation.
According to a survey of more than 30,000 incidental HD patients, conducted by the Japanese Society of Dialysis Therapy, the serum CCa level at the time of dialysis initiation is negatively correlated to all-cause mortality. Using a Cox hazard proportional analysis, adjusted for sex, age, etiology of ESRD, and estimated glomerular filtration rate (eGFR), a CCa level between 8 and 9 mg/dL at dialysis initiation is associated with the best survival prognosis. The hazard ratio (HR) of all-cause mortality for a serum Electronic supplementary material The online version of this article (https://doi.org/10.1007/s10157-017-1527-1) contains supplementary material, which is available to authorized users.
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CCa level ≤ 9 mg/dL is 1.58 (95% confidence interval [CI] 1.40-1.77 mg/dL) compared to 2.16 (95% CI 1.82-2.18) for a level ≤ 10.0 mg/dL. However, although a high serum CCa level has been recognized as an independent risk factor for all-cause mortality [5] , its relationship to CVC-specific mortality was not investigated. A recent report on the serum CCa levels at dialysis initiation more completely showed that, in a Japanese cohort of 1524 incidental HD patients, a high level of CCa was associated with a higher incidence of all-cause mortality [6] . The authors suggested that patients with high CCa were introduced to HD at a higher eGFR because of advanced organ calcification. Again, however, the direct relationship between CCa level and CV mortality was not evaluated. Therefore, our aim in this study was to evaluate the relationship between CCa level at the time of dialysis initiation and all-cause and CV mortality using, not only the reported calcification score, but also the abdominal aorta calcification (AAC) score.
Patients and methods

Study population
We conducted a single-center, retrospective, observational study of the 437 patients with ESRD, > 20 years of age, who began incident HD between January 2009 and December 2016 at the Japanese Red Cross Ishinomaki Hospital. Of these patients, the clinical course of 407 patients was followed-up for over a period of at least 3 months, up to March 2017. The other 24 patients were lost to follow-up during the period of observation (Fig. 1) . The mean duration of the observation period was 990.0 (range 496.5-1828.5) days. The cause of ESRD in this cohort included the acute kidney injury and rapid progressive glomerulonephritis as well as patients with normal progressive chronic kidney disease. The primary endpoints of this study were all-cause and CV mortality.
Definitions
All blood samples were collected once at the beginning of the first dialysis session. If the serum albumin level was < 4.0 g/dL, the serum Ca concentration was corrected by the serum albumin level as follows: corrected Ca (mg/ dL) = measured Ca (mg/dL) + (4-albumin [g/dL]). Blood pressure (BP) was recorded for each patient before the first session of dialysis, following a 5-min rest period. Hypertension and hyperlipidemia were defined as per the Japanese guidelines [7, 8] . Height was obtained at the first dialysis session and body weight at the final dialysis session. The body mass index (BMI) was calculated by dividing the weight (kg) by the height (m 2 ). We clinically examined patients for signs of fluid overload on the day before discharge, using chest radiography and ultrasound echocardiography. A positive history of CVD included the following: coronary artery disease (CAD) requiring percutaneous coronary intervention or coronary artery bypass graft surgery; aortic dissection; heart failure requiring hospitalization and in-patient treatment; and atrial fibrillation (AF). Data of comorbidities, including diabetes mellitus, hypertension, hyperlipidemia, CVD, and hemorrhagic stroke, were collected from patients' electronic medical records. Our blood sample data were not affected by the electrolyte concentration of dialysate, which was the same for all the participants in our dialysis facility.
Calcification measurement
We measured the abdominal aorta calcification (AAC) using the Agatston score, which was used to quantify CAC [9] . We also used the calcification measurement using the ziostation2 software (Ziosoft Corp.). For AAC determination, the abdominal aorta was divided into intervals of 7 mm, from the celiac arterial bifurcation to the total iliac artery bifurcation, and the AAC was calculated using the computed tomography (CT) value and the calcification area. This score has previously been shown to positively correlate with coronary artery calcification and intima media thickness [10] . Furthermore, we repeated the Agatston score in 88 cases at 1 year post-dialysis initiation. Cardiac valve calcification was evaluated based on the presence or absence of a calcified aortic valve and mitral valve [11] .
Laboratory and statistical analysis
The serum Ca level on the first dialysis session was available for all 407 patients forming out the study cohort. Using the corrected calcium levels, patients were divided into the following three groups: G1 < 8.0 mg/dL (7.1 ± 0.7 mg/dL); 8.0 ≤ G2 < 9.0 mg/dL (8.4 ± 0.2 mg/dL) and G3 ≥ 9.0 mg/dL (9.2 ± 0.7 mg/dL). Between-group variables were presented as the mean ± standard deviation or median with interquartile range (25th to 75th percentiles), as appropriate for the data type. Between-group differences were evaluated using Student's t test for variables with a normal distribution and the Mann-Whitney U test for variables with a non-normal distribution. The Fisher exact test was used to evaluate differences between categorical values, and these results were expressed as an absolute (n) and percentage (%). The survival rate was assessed using the Kaplan-Meier analysis, with betweengroup differences evaluated using the log-rank test. The association between the serum CCa level and CVC-specific mortality was initially examined using the univariate Cox proportional hazards model. The independence of prognostic variables was examined using multivariate Cox proportional hazard models. We selected the variables with a p value < 0.10 in univariate analysis or reported as clinically relevant to CV mortality. The following variables were evaluated as predictor variables: age, sex, ESRD etiology, smoking history, serum albumin, blood urea nitrogen (BUN), eGFR, hemoglobin, CRP, corrected Ca, serum phosphate, intact PTH, white blood cell (WBC), total cholesterol, ferritin, the history of CVD, ejection fraction (EF), and medication used (ACE-i/ARBs, calcium channel blocker, Ca carbonate, phosphate binder, vitamin D receptor activator, loop diuretics), and the 3-group stratification of the Agatston score (0 < Agatston score ≤ 1000; 1000 < Agatston score ≤ 2000; and 2000 < Agatston score). All statistical analyses were performed using EZR, which is a graphical user interface for R (R Foundation for Statistical Computing). p values were two-sided, with p < 0.05 used as the threshold for significance.
Results
Patients' baseline characteristics
Baseline characteristics are reported in Table 1 . The mean age of the study sample was 66.1 ± 13.1 years, with 268 male patients (65.3%) included. Three-hundred twentynine patients (80.8%) received their first dialysis session through an arteriovenous fistula. The mean BMI was 24.8 ± 4.9 kg/m 2 . Levels of anemia-related markers were as follows: hemoglobin (Hb), 8.7 ± 1.6 g/dL; transferrin saturation, 0.23 ± 0.15; and serum ferritin, 101.0 ng/mL (range 53.0-195.0 ng/mL). Renal-related markers were as follows: BUN level, 104.2 ± 34.4 mg/dL; serum creatinine level, 9.8 ± 3.1 mg/dL; and eGFR, 4.9 ± 1.9 mL/min/1.73 m 2 . Compared to G1, G3 had a significantly lower ALB level. Considering markers related to secondary hyperparathyroidism, intact PTH and serum phosphate levels were significantly lower in G3 than in G1. Considering the renal function markers in G3, eGFR was higher and the BUN level was lower than for patients in G1. Regarding cardiac function, left ventricular ejection fraction (LVEF), and brain natriuretic peptide (BNP) levels were similar among the three groups. There were no significant between-group differences with regard to medication use (with the exception of loop diuretic and phosphate binder) or ESRD etiology. The prevalence of CVD history was lower for G1 than for G2 and G3. Finally, considering the symptoms that directly caused dialysis initiation, the rate of acute heart failure was significantly higher in G3 that in the other two groups: G3 (10.7%) versus G2 (6.9%) versus G1 (2.8%), p = 0.03.
With regard to the causes of mortality, 20 patients died of an infectious disease, 27 of CVD (including 3 due to CAD, 24 due to HF), 9 of a hemorrhagic stroke, 11 of a malignancy, 2 of a gastrointestinal hemorrhage, and 27 of an unknown reason or accident.
Patient survival rate
Kaplan-Meier curves revealed a non-significant tendency to a lower survival rate among patients in the G3 compared to the other groups. The 3-year survival rates in G3 were 74.4% (95% CI 62.0-83.7). The rate of CVC-specific mortality was higher in G3 than the middle (G2) or low (G1) groups (p < 0.01, Fig. 2 ). The 1-and 3-year CVDfree mortality rates in G3 were 95.8% (95% CI 87.5-98.6) and 88.2% (95% CI 76.4-94.3%), respectively ( Table 2 ). In the Cox hazard survival models, CCa was found to be an independent risk factor of CVD-free mortality, after adjusting for several factors. After adjusting the models, the hazard ratio (HR) of CVD-free mortality was 2.81 (95% CI 1.05-7.55) and Agatston score > 2000 was 13.9 (range 1.63-118.2). In a secondary analysis that was performed including only patients > 65 years, the incidence of CV mortality was significantly higher in G3 than in G2 or G1 (Supplementary Figure 1) . In the Cox hazard survival analysis, CCa and an Agatston score > 2000 were also identified as independent risk factors of CV mortality, using the same adjustment of the model, with a HR (Table 3 ). For the subsequent analysis, patients were sub-classified into two groups based on the presence or absence of a prior CAD history, with 346 patients classified in the CAD (−) group and 61 in the CAD (+) group. In the CAD (−) group, CVC-specific mortality was significantly higher in G1 than in either G2 and G3. In the CAD (+) group, no significant between-group difference was identified (Fig. 3) . The 1-and 3-year CVC-specific mortality rate in G3 were 96.6% (95% CI 86.9-99.1) and 91.6% (95% CI 78.7-96.8), respectively (Table 4) .
Calcification score
The incidence rate of mitral valve calcification was significantly greater in G3 (17.1%) than G1 (11.2%; p = 0.04), with a non-significant tendency to higher aortic valve calcification as well. The Agatston score was lower in G1 than either G2 or G3 (G1, 1000. 
Discussion
This is the first observational study to have evaluated the relationship between CCa and CV mortality, including calcification scores, the Agatston score, at the time of dialysis initiation. We identified an elevated CCa level and Agatston score to be an independent risk factor of CV mortality, regardless of history of CAD. Several causes of elevated CCa at the time of dialysis initiation are conceivable in our study cohort. First, the frequency of CVD history, such as CAD and HF hospitalization, were higher in G3 than in G1, such that the frequency of dialysis initiation due to acute heart failure, caused by excess fluid volume, was higher in G3. For this reason, compared to patients in G1, patient in G3 had a lower dialysis initiation frequency through their arteriovenous fistula, lower nutritional status (ALB) and higher eGFR at dialysis initiation. Furthermore, because of ESRD-related secondary hyperparathyroidism, serum phosphate and intact PTH Table 2 The Kaplan-Meier curves for the 1-and 3-year survival rates for all-cause and cardiovascular mortality, using the log-rank test Associations are given as adjusted hazard ratio (95% confidence interval) model: demographics (age, sex, and cause of end-stage renal disease), smoking history, comorbid conditions (a history of heart failure, cardiovascular disease, and hemorrhagic stroke), medications (angiotensin II receptor blocker, angiotensin-converting enzyme inhibitor, calcium channel blocker, calcium carbonate, phosphate binder, vitamin D receptor activator, and loop diuretics), and inflammation markers (white blood cell count and C-reactive protein levels) + nutrition markers (serum albumin, hemoglobin, total cholesterol, and ferritin levels), + renal function markers (estimated glomerular filtration, blood nitrogen uremia), + secondary hyperparathyroidism (intact parathyroid hormone and serum phosphate levels), and + 3 stratified AAC; Agatston score < 1000, 1000 ≤ Agatston score < 2000, 2000 ≤ Agatston score *p < 0.05
Hazard ratio 95% confidence interval p value levels were significantly lower in G3 than in G1. Second, the cardiac valve calcification and AAC score were significantly higher in G3 than G1. Taking into consideration that the Agatston score was significantly higher among patients with a history of CVD or hemorrhagic stroke, vessel calcification was severe among patients in G3, due to aging and a history of CVD [12] . Considering the age-and CVD-related calcification among patients in G3 at dialysis initiation, it is likely that a history of heart failure may have also contributed to high vascular calcification. Moreover, in these patients, the control of body fluid is often difficult due to the progression of ESRD and earlier dialysis initiation at a higher eGFR. As such, the decrease in serum Ca level is small due to uremia. However, it is controversial whether these factors directly influence the prognosis for survival. In our study (Table 1) , the average eGFR was within 4.5-5.3 mL/min/1.73 m 2 across all three groups and, therefore, eGFR level alone likely did not influence survival prognosis. In the Japanese study of 37 000 incidental HD patients, Yamagata et al. [13] reported a eGFR ≥ 6.0 mL/min/1.73 m 2 to be an independent risk factor of all-cause mortality. The eGFR among patients in our study group did not reach this level. Although there were no significant between-group differences in LVEF, BNP, and cardio thoracic ratio in our study, the frequency of dialysis initiation caused by acute heart failure was significantly higher in G3 than in G2. Of the markers related to heart failure, the Agatston score was a more useful predictor of CV mortality than serum level parameters, such as BNP and eGFR.
In addition, we identified a significant between-group difference with regard to CVD-specific CV mortality, even among patients without a history of CAD. Specifically, coronary artery stenosis, with a narrowing ≥ 75 of the normal reference segment being clinically significant [14, 15] , was [16] . If body fluid management becomes difficult due to the progression of uremia, heart failure develops, requiring early dialysis initiation [17] . In our study group, asymptomatic coronary artery stenosis was present in many patients, which likely contributed to the higher CVD-specific mortality rate. We compared multiple research data at dialysis initiation in Japan from the viewpoint of renal anemia and 2HPT (Table 5 ). In our study, the level of intact PTH was lower compared to levels reported in other cohort studies conducted in Japan, despite of a lower frequency of using VDRA. We hypothesized that this lower level of intact PTH in our cohort likely reflects differences in local diet. Specifically, Ishinomaki City, where this study was performed, is a famous fishing port in Japan and, therefore, the consumption of fish as a staple is higher than in the other studies. Fish contains high levels of vitamin D, which is important in suppressing the level of intact PTH [18, 19] . As well, the level of Hb was lower in our study (a) Cardiac cohort than levels reported in other Japanese cohorts. Specifically, two previous studies have reported a Hb level < 8.0 g/dL to be a significant prognostic factor at dialysis initiation [20, 21] ; the mean Hb level in our study cohort was above this cut-off value. Since 2007, Japanese nephrologists have been using long-active ESA (darbepoetin alfa, epoetin beta pegol) to treat patients with CKD, which has improved the management of renal anemia [22] . Studies having evaluated the relationship between the Hb level and CV mortality to date, however, have not included markers of vascular calcification in their analysis, a factor which is known to be strongly associated with CV events. In this study, we did not identify a significant difference in the frequency and types of ESA used. Furthermore, in our Cox hazard multivariate analysis, Hb level was not identified to be an independent risk factor of CV-related mortality.
The degree of calcification at the time of dialysis initiation will influence the future progression of calcification [24] . We monitored the Agatston score over 1 year after dialysis initiation in 88 cases, demonstrating a strong correlation between the score at the time of dialysis initiation and at 1 year post-initiation. The higher the calcification score, the greater the vascular calcification, which facilitated the development of CVD. From these results, we conclude that hypercalcification at the time of dialysis initiation is a strong risk factor for CVD events.
Agents that affect serum Ca levels may have influenced serum Ca levels [25] . As shown in Table 1 , calcium carbonate, vitamin D receptor activator, and thiazide diuretics were not significantly different among the groups. Loop diuretics varied among the group; however, the influence of loop diuretics on serum Ca levels is weak [26] , with Ca carbonate having the greatest influence on serum Ca level. However, Ca carbonate levels were not available for our study group.
The limitations of our study should be acknowledged. First, this was a cross-sectional, observational, single-center study. Second, ESRD etiology was not confirmed by biopsy in all cases, with some patients having only a clinical diagnosis. Third, we were unable to investigate drug doses, including Ca carbonate which is known to affect serum Ca levels. Fourth, we had no data regarding peripheral arterial disease, including CVD, or clinical frailty scores. Finally, blood samples for biochemical analysis were only obtained at the first dialysis session.
Conclusions
A high level of serum CCa was identified as an independent risk factor for CV mortality. A high serum CCa level was associated with advanced vessel calcification, with severe heart, and other organ, damage. Thus, the difficulty of controlling excess fluid in these patients leads to acute heart failure, prompting the need for early HD. Therefore, a high level of serum CCa, coupled with advanced vessel calcification, increases the risk of CVD-specific mortality among patients with ESRD.
